In this retrospective cohort study we aimed to assess, in 202,247 people who started a statin therapy between 2007-2014, the factors that led to the initiation of the drug. To do this we explored CVD risk factors singularly and in combinations as recorded in electronic health records in the year before they receive their first prescription and we compared the risk scores with that suggested by the NICE guideline at that time.
STRENGTHS AND LIMITATIONS OF THIS STUDY
 Our cohort contains a large number of individuals: the study provide a representative picture of initiation of statins in UK primary care.
 We specifically focus on which variables and factors GPs record in electronic databases in the year prior statin treatment initiation: this is the first study to directly tackle the issue of statins prescribing in the absence of all the information required by the NICE guideline  We are not able to verify if GPs actually used the records of the individual health indicators, when these were available, to calculate the risk score.
INTRODUCTION
Statins are cholesterol-lowering drugs proven to be effective for the primary prevention of cardiovascular disease (CVD)( [1] - [6] ). The guidance from 2006 published by the UK National Institute for Health and Care Excellence (NICE) recommends statin therapy be initiated in adults aged below 75 years, whose 10-year risk of a cardiovascular diseases (CVD) event is greater than 20% [7] , as assessed by "an appropriate risk calculator" [8] . Additionally, the recommendation is that statin therapy be offered to those over 75 years regardless of their 10-year CVD risk score, especially those at high risk of CVD (e.g. smokers or hypertensives). In 2014, NICE updated these guidelines suggesting that those under 75 years of age with a lower risk of 10% CVD risk should be prescribed statins [9] . The risk calculators recommended were the Framingham Risk Score( [10] - [13] ), and the QRISK2 score [14] .
Recent studies have shown that GPs do not adhere to NICE guidelines, such that statins and lipid lowering drugs are prescribed to ineligible patients ( [15] - [19] ). Non-adherence to the national guidelines is common amongst general practitioner. Recently qualified physicians, however, are more likely to follow guidelines, but this varies by general practice ( [20] - [22] ). The lack of compliance with the guidelines is twofold: first GPs may prescribe statins even if the risk scores are lower than the recommended threshold and second statins are prescribed without a risk score or its key components being recorded in the clinical records prior to initiation of treatment.
We aim to assess the factors that determine the initiation of statin therapy in people from 2007-2014.
In those prescribed statins we: a) explored which cardiovascular risk factors singly and in combinations are recorded in patient electronic health records in the year before they receive their first prescription; b) estimated and compared the 10-year CVD risk scores with that suggested by the prevailing NICE guidelines at that time; c) explored the characteristics of those with and without an available risk score.
METHODS

Data Source
We used data from The Health Improvement Network (THIN) database (www.thin-uk.com), a large primary care database that provides anonymised longitudinal general practice data on patients' clinical and prescribing records from more than 500 general practices across the United Kingdom.
Over 98% of the UK population are registered with a GP [23] and the database is broadly representative of the United Kingdom population [24] . The database also includes information on the Townsend score, a measure of social deprivation, categorised into five quintiles from one (least deprived) to five (most deprived). Diagnoses and symptoms are recorded by practice staff using Read codes, which is a hierarchical coding system including more than 100,000 codes( [25] , [26] ). The Read code system can be mapped to ICD-10, but in addition the Read codes includes a number of symptoms and administrative codes [26] .
Risk Scores
Some individuals had a risk score recorded in THIN and we included this information irrespective of whether these were derived from Framingham or the QRISK2 algorithms. For those for whom this was not recorded, we used any information of the components of this score entered in the previous year to estimate a Framingham score [27] . We use the term "combined risk score" for those recorded by the GP or those estimated by us, with the former having precedence if both values were available.
In individuals who had with multiple such entries, we considered the one closest to the date of statin initiation.
Study participants
We used data from the time when practices were using their computer system to an acceptable level (ACU date), those in which mortality is satisfactorily recorded (AMR date)( [28] , [29] ) and more than 80% of the patients had a record of social deprivation. We excluded individuals who had a CVD event at any time before statin initiation, or individuals with less than 12 months of data available before treatment initiation date as some of these may not be true incidence cases of statin therapy. We also excluded those without a valid record of Townsend score. Consistently with the NICE guidelines, we excluded people aged 75 or more at the time of statin initiation. Finally, we replaced potential outliers on systolic blood pressure, total or HDL cholesterol, with missing values. Outliers were defined according to a recently proposed two-stage method [30] . In total 781 (0.39%) of outlier values were recorded for any of the variables of interest for this study.
Statistical Analysis
We conducted a descriptive analysis of socio-demographics characteristics and data available within 12 months of first statin prescription for the study population. We identified all those with recorded Framingham Risk Score in the year before first statins prescription, those for whom the risk score has not been recorded but the relevant components were available and those where none of the above were available. We then explored the trends in the recording of each risk factor, by itself and in combination with others. We also obtained descriptive statistics of relevant risk score components (i.e., SBP, total and HDL cholesterol and current smoking status) based on whether the risk score was recorded or not.
We then performed regression-based analyses to evaluate the association between the missing risk scores and the abovementioned risk score components. We fit separate regression models using each one of the four partially observed risk score components in turn as response variable and missingness of the risk score as (i.e., the binary variable taking value 1 when the risk score is missing and 0 when it is available) as independent explanatory variable. When fitting these models, we adjust for the fully observed risk score components (i.e., age at statin initiation, diabetic status, antihypertensive treatment and gender) as well as calendar year of statin initiation, to control for known source of confounding. Data extraction and manipulation were done in STATA 13, while data analysis was undertaken in R (version 3.3.1). 
RESULTS
Demographic details of the cohort are given in The levels of both Total and HDL cholesterol was significantly higher among individuals with a missing risk score. However, the value of systolic blood pressure was negatively associated with a missing risk score. Finally, the association between smoking status and a missing risk score was not significant (   Table 5 ). 
Key findings
We found that more men (56%) than women (44%) were initiated on statins. On average men were started on the drug at a younger age than women. Less than 20% of the sample had a risk score recorded. About a quarter of people started on statins had at least one of the components of the risk score not recorded in the previous year and 43.5% of those with an available combined risk score were prescribed statins even if their risk score was lower than the threshold set by the guidelines at that time (i.e., 20%). This was more evident in women than in men (63.6% of women versus 27.7% in men). The combined risk score was missing largely due to the absence of one variable of the risk score components. In particular, total cholesterol levels are recorded even in absence of the risk score -70% of those without risk score had a total cholesterol record and 92.3% of these patients had total cholesterol levels above the threshold of 5 mmol/L. We found a significant association between cholesterol levels and a missing risk score and a negative association between systolic blood pressure and a missing risk score.
Strengths and limitations
The major strength of this work is that our cohort contains a large number of individuals, so that our study provided a representative picture of initiation of statins UK primary care. A limitation of our study is that we do not know if GPs used the records of the individual health indicators, when these were available to calculate the risk score. It is likely that many GPs may not have estimated the risk score and recorded it in free text or that a more informal evaluation of the risk score informed the GPs decision-making process.
Comparison with existing literature
There are differences between our study and previous research ([16] - [22] ). Whilst we only considered patients started on statins, other studies considered cohorts of both treated and untreated individuals.
This was largely because these studies explored the factors triggering the prescribing of these drugs.
We aimed to gain an insight into GPs' prescribing behaviour. With this difference, we can draw some parallels between our findings and those previously described. In a small controlled study Mohammed et al. [16] , found that although a 10 year CVD risk was not predictive of statins initiation, a total cholesterol value however, higher greater than 7 mmol/L was predictive. Our results concur with these findings. We found that GPs initiated statin therapy in people with higher total cholesterol values without recording all the relevant components required to estimate a risk score. On the other hand, an elevated blood pressure recording which in general is checked more often than cholesterol may stimulate a more detailed screen of all the components of the risk score. It is also possible that some GPs calculated the risk scores, but did not enter the values into the patient records whilst others may have made their decision on prescribing without estimating CVD risk scores.
Wu et al. [17] found that a considerable proportion of statins prescriptions were given to patients who are not eligible for treatment. Finnikin et al. [18] established that low-risk patients represent a significant proportion of all statin initiations and our results confirm this finding. Christian et al. [19] suggested that older and solo general practitioners rated their clinical judgement to be more effective than guidelines when prescribing statins. Ohlsson and Merlo [21] and Ohlsson et al. [22] suggested that prescribing behaviour within a practice is determined by internal policies and guidelines, availability of equipment, etc., all of which can influence prescribing behaviour explaining the variation between practice prescribing. We examined GPs' adherence to guidelines based on recorded health indicators required to estimate a CVD risk score but in the absence of any GP information on demographics or practices' policies we cannot directly compare out results to these papers.
Clinical Implications
Our study relates to the period from 2007-2014, when the prescribing threshold for the 10-year CVD risk was 20%. In 2014, NICE reviewed the guidelines for statins prescribing and they lowered the threshold to 10%. We found that this reduction is in line with the GP practice prior to 2014. GPs started statins on many people with a risk lower than 20%. We would suggest further review of primary care data in the coming years to evaluate if GPs adherence to the new threshold is higher than in the past.
GPs often prescribed statins without any record of CVD risk scores in the clinical records even though they recorded information on component CVD risk factors in at least 70% of the people started on statins. This practice needs to change to allow for accurate record keeping and to ensure good continuity of care in the long-term management of people at risk of CVD.
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